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Effects  E v o k e d  f r o m  the  R u b r o s p i n a l  T r a c t  in 
Cats  

S t i m u l a t i o n  o f  t h e  r e d  n u c l e u s  e v o k e s  e x c i t a t o r y  a c t i o n  
i n  f l e x o r  m o t o n e u r o n e s L  A n a t o m i c a l  s t u d i e s  h a v e  re -  
v e a l e d  t h a t  t h e  r u b r o s p i n a l  t r a c t  t e r m i n a t e s  m a i n l y  in  
R e x e d ' s  l a y e r  V I I  a n d  l a y e r  VI2 .  B e c a u s e  o f  t h e  l a t t e r  
t e r m i n a t i o n ,  i t  w a s  o f  i n t e r e s t  to  i n v e s t i g a t e  t h e  ef-  
f e c t  o n  t r a n s m i s s i o n  in  s p i n a l  r e f l e x  p a t h s .  T h e  c o r t i e o -  
s p i n a l  t r a c t  w h i c h  a l so  t e r m i n a t e s  in  l a y e r  V I  a g i v e s  
e x c i t a t o r y  a c t i o n  t o  i n t e r n e u r o n e s  of  s p i n a l  r e f l e x  p a t h s ,  
a n d  i t  h a s  b e e n  p o s t u l a t e d  t h a t  t h e  a c t i o n  in  m o t o n e u r o n e s  
is  s e c o n d a r y  t o  e x c i t a t i o n  of t h e  i n t e r n e u r o n e s  o f  s p i n a l  
r e f l e x  p a t h s  4. 

I n  e x p e r i m e n t s  o n  c a t s  a n a e s t h e t i z e d  w i t h  c h l o r a l o s e ,  
t h e  r e d  n u c l e u s  w a s  s t i m u l a t e d  t h r o u g h  a t u n g s t e n  m i c r o -  
e l e c t r o d e  w i t h  a t i p  d i a m e t e r  o f  a b o u t  5 F*. F o r  l o c a t i o n  o f  
t h e  e l e c t r o d e  t h e  r u b r o s p i n a l  t r a c t  w a s  s t i m u l a t e d  a n t i -  
d r o m i c a l l y  in  t h e  m i d - l u m b a r  r e g i o n  a n d  t h e  e l e c t r o d e  in-  
s e r t e d  t o  t h e  s i t e  of  m a x i m a l  a n t i d r o m i c  cell  f ie ld p o t e n -  
t i a l .  A t  t h e  e n d  of  t h e  e x p e r i m e n t  a n  e l e c t r o l y t i c  l e s ion  
w a s  m a d e  t h r o u g h  t h e  e l e c t r o d e  a n d  t h e  l o c a t i o n  of  t h e  
t i p  o f  t h e  e l e c t r o d e  c h e c k e d  h i s t o l o g i c a l l y .  

I n t r a e e t l u l a r  r e c o r d i n g  r e v e a l e d  t h a t  E P S P s  o r  I P S P s  
m a y  b e  e v o k e d  f r o m  t h e  r e d  n u c l e u s  in  b o t h  f l e x o r  a n d  
e x t e n s o r  m o t o n e u r o n e s ,  b u t  i t  w a s  c o n f i r m e d  t h a t  E P S P s  
d o m i n a t e  in  f l e x o r  m o t o n e u r o n e s .  T h e  s h o r t e s t  l a t e n c y  o f  
e i t h e r  a c t i o n  is  a b o u t  4 .5  m s e c ,  i n d i c a t i n g  a d i s y n a p t i c  
l i n k a g e .  

T h e  e f f e c t  f r o m  t h e  r e d  n u c l e u s  h a s  b e e n  i n v e s t i g a t e d  
o n  t r a n s m i s s i o n  f r o m  d i f f e r e n t  p r i m a r y  a f f e r e n t  s y s t e m s  
t o  m o t o n e u r o n e s .  I t  is  a r e g u l a r  f i n d i n g  t h a t  t r a n s m i s s i o n  
o f  t h e  I a  I P S P  is f a c i l i t a t e d  ( F i g u r e  1, A - C ) .  T h e r e  is a l so  
f a c i l i t a t i o n  of  t r a n s m i s s i o n  f r o m  I b  a f f e r e n t s  as  i l l u s t r a t e d  
for  t h e  I b  i n h i b i t o r y  p a t h w a y  in D - F  ( F i g u r e  1). S p a t i a l  
f a c i l i t a t i o n  b e t w e e n  t h e  r u b r o s p i n a l  t r a c t  a n d  s o m e  p a t h -  
w a y s  f r o m  l o w  t h r e s h o l d  c u t a n e o u s  a f f e r e n t s  i s  c o m m o n .  
T h e  e x c i t a t o r y  a c t i o n  f r o m  t h e  c e n t r a l  p a d  t o  m o t o -  
n e u r o n e s  o f  p l a n t a r  m u s c l e s  5 is  f a c i l i t a t e d  f r o m  t h e  r e d  
n u c l e u s  a n d  t h e  s a m e  e f f e c t  is  o f t e n  f o u n d  o n  a c t i o n s  t o  
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Fig. 1. The upper traces are intracellular recordings (internal nega- 
t ivi ty being signalled upwards) from 2 gastrocncmius-soleus moto- 
neurones. The lower t r a c e s  a r e  recorded from the L7 dorsal root ent ry  
zone. In B and C a submaximal  group I volley is evoked in t h e  

antagonist  deep peroneal nerve (DP) and is without effect in B but  
gives a large IPSP in C when combined with st imulation of the r e d  

nucleus (N. ruber), which is s t imulated alone in A. In the correspond- 
ing lower records, D-F is shown facilitation from the red nucleus of 
t h e  IPSP evoked by a maximal  group I volley in the nerve from 
flexor digitorum longus (FDL). In C there is facilitation of the 
reciprocal Ia inhibitory pathway in F facilitation of the Ib inhibitory 

pathway. All reeords consist of superimposed t r a c e s .  

f l exo r  a n d  e x t e n s o r  m o t o n e u r o n e s  b y  low t h r e s h o l d  a f -  
f e r e n t s  f r o m  o t h e r  c u t a n e o u s  r e g i o n s .  T h e  s y n a p t i c  a c t i o n s  
e v o k e d  in  m o t o n e u r o n e s  b y  s t r o n g e r  s t i m u l a t i o n  o f  c u t a -  
n e o u s  n e r v e s ,  o n  t h e  o t h e r  h a n d ,  m a y  be  i n h i b i t e d ,  a n d  
t h e  s a m e  h o l d s  t r u e  fo r  t h e  s y n a p t i c  a c t i o n s  f r o m  h i g h  
t h r e s h o l d  m u s c l e  a f f e r e n t s  a n d  h i g h  t h r e s h o l d  j o i n t  a f -  
f e r e n t s .  H e n c e  i n h i b i t i o n  of  t h e  p a t h w a y  f r o m  t h e  F R A  
( f l exor  r e f l ex  a f f e r e n t s )  s e e m s  to  be  r a t h e r  c o m m o n ,  b u t  
in  a f ew c a s e s  f a c i l i t a t i o n  h a s  b e e n  m e t .  T h i s  i n h i b i t i o n  
c a n n o t  e n t i r e l y  be  d u e  to  p r i m a r y  a f f e r e n t  d e p o l a r i z a t i o n  
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Fig. 2. Microelectrode records (negativity signalled downwards) of 
t h e  focal potentials generated by a single st imulus in nucleus tuber  
(left record) and by the maximal  group I volley in the gastrocnemius- 
snleus nerve (Gastroe.). The electrode track is shown in the drawing 
and the corresponding records were t a k e n  a t  t h e  depths given for each 
pair in mm below the surface of the dorsal column, Lower traces were 
obtained from t h e  L7 dorsal root entry zone. The left lower record 
shows the arrival of the volley in the rubrospinal tract and the right 
t h e  a r r i v a l  o f  t h e  Gastroe. group I volley to the 1.7 segment. A l l  

records consist of superimposed traces. 
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since i t  occurs  before the  onse t  of t he  dorsal  roo t  po t en t i a l  
t h a t  can  be evoked f rom the  red  nucleus.  

Record ing  of the  ext racel tu lar  field po ten t i a l  t h a t  is 
evoked  in the  spinal  cord f rom t h e  red  nucleus  shows  a 
monosynap t i c  focal po ten t ia l  in R e x e d ' s  layer  VI  and  VII ,  
which indicates  t h a t  the  rubrosp ina t  t r a c t  has  mono-  
synap t ic  connect ions  wi th  neurones  in th i s  region. This  is 
i l lus t ra ted in Figure 2 by  the  left  records  showing a maxi -  
mal  monosynap t i c  focal po ten t i a l  a t  a d e p t h  of 2.5-2.6 
mm. For  compar i son  it is shown in t he  cor responding  
r ight  records  t h a t  the  focal po ten t i a l  evoked m o n o s y n a p -  
t ically f rom group I muscle  a f fe ren ts  is m a x i m a l  a t  a 
dep th  of 2.2 mm,  which is in t he  i n t e r m e d i a t e  nucleus  in 
layer  VI ~. E x t r a -  and  in t racel lu lar  record ing  f rom in ter -  
neurones  in the  dorsal  horn  and  i n t e r m e d i a t e  region has  
revealed  exc i t a to ry  ac t ion  f rom the  red  nucleus  on in ter -  
neurones  m o n o s y n a p t i c a l l y  ac t iva t ed  b y  Ia  or  Ib  afferents .  
A m o n g  the  in te rneurones  ac t i va t ed  f rom the  F R A ,  two  
types  are found  : some in t e rneu rones  are faci l i ta ted,  o thers  
are inh ib i ted  f rom the  rubrosp ina l  t ract .  I n  layer  VI I ,  
ven t ra l  to the  i n t e rmed ia t e  nucleus,  in t e rneurones  are 
found  t h a t  can  be exc i ted  f rom the  red nucleus  b u t  no t  
f rom p r i m a r y  afferents .  I t  does no t  seem likely t h a t  the  
s t rong  exc i t a to ry  ac t ion  t h a t  is evoked  f rom the  rubro-  
sp ina l  t r a c t  in f lexor  mo toneu rones  can be expla ined  by  
the  exc i t a t ion  of in t e rneurones  in reflex p a t h w a y s .  I t  is 

more  l ikely t h a t  f lexor exc i ta t ion  is me d i a t e d  via  those  
in t e rneurones  in layer  V I I  t h a t  are ac t iva ted  f rom the  
rubrosp ina l  t r a c t  b u t  no t  f rom p r i m a r y  afferents .  

The i m p o r t a n c e  of t h e  suprasp ina l  con t ro l  of t r ans -  
mission in reflex p a t h w a y s  for m o t o r  regula t ion  is e m p h a -  
sized b y  the  f inding t h a t  faci l i ta t ion t h r o u g h  exc i t a to ry  
ac t ion  on in te rneurones  of reflex p a t h s  can be evoked  
b o t h  f rom the  cor t icospinal  and  rubrosp ina l  t rac ts .  I t  is 
pos tu l a t ed  t h a t  t he  rubrosp ina l  ac t ion  is governed  f rom 
cerebel lum. 

Rdsumd. La s t imu la t ion  du Noyau  Rouge  a pour  effet  
une  fac i l i ta t ion des in t e rneurons  intercal6s  en t re  des af- 
f f r ences  p r imai res  e t  les m o t o n e u r o n s  e t  p r o v o q u e  darts 
les m o t o n e u r o n s  des po ten t i e l s  p o s t s y n a p t i q u e s  b i synap-  
t iques .  
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T e s t s  for an A n t i - I n s u l i n  F a c t o r  in the  P l a s m a  
of I n s u l i n - T o l e r a n t  Mice  

Mice of t he  selected inbred  KLC57 Black s t r a in  can 
to le ra te  f rom 200 to  500 uni ts  of insul in  w i t h o u t  convuls-  
ing, whi le  mice  of the  B U B  s t ra in  convulse  w i t h  m u c h  
smal ler  amoun t s ,  usually 20 un i t s  or l e s s l - h  In  a pre l imi-  Insulin 
n a r y  s tudy ,  ~NEDECOR 4 found t h a t  se rum f rom mice of control 
t he  t o l e r an t  s t ra in  mixed  wi th  insulin in v i t ro  p roduced  a 
lowering of t he  blood sugar  w h e n  in jec ted  in to  a non-  
t o l e r a n t  mouse,  tZurther s t u d y  of t he  to le ran t  and  non-  
t o l e r a n t  s t ra ins  was  u n d e r t a k e n  to see if d i f ferences  be-  Plasma 
tween  the  s t ra ins  could be de t ec t ed  in hemagg lu t i na t i on  control 
reac t ions  as an indica t ion  of possible  an t ibodies  to  insulin,  
and  to  de te rmine ,  b y  means  of b ioassay,  insul in a c t i v i t y  
a f te r  c o n t a c t  of t he  insulin wi th  se rum of t o l e r an t  an imals  
in v ivo  and  in vi t ro .  Test A 

K L  and  B U B  s t ra ins  of  mice were  der ived  f rom insul in 
t o l e r an t  and  insulin sens i t ive  s t ra ins  a t  Brown Un ive r s i t y  
and  have  been  m a i n t a i n e d  as inbred  s t ra ins  a t  t he  Uni-  
ve r s i ty  of Rhode  Is land  since 1960. The mice were main-  Test B 
t a ined  in special  an imal  quar te r s  a t  77°F,  50% humid i ty ,  
and  12 h of l ight  per  day.  Pur ina  L a b o r a t o r y  Chow and  
water  were avai lable  ad  l ibi tum.  E a c h  K L  animal  was  
tes ted  a t  40 days  of age w i t h  200 uni ts  of insulin (except  Test C 
in Groups  B and  C, Table) ;  surv iv ing  animals  were used 
for ma t ings  and  expe r imen t s .  All insul in used  was  I le t in  
(Lilly) purchased  as U 40 or U 500 prepara t ions .  All injec- 
t ions  were in t raper i tonea l .  All t es t s  were run  be tween  
9 p .m.  and  3 a .m. A to ta l  of 28 K L  and  38 B U B  mice was  
used. 

For  hemagg lu t ina t ion  tes ts ,  b lood ob ta ined  f rom the  
sub-orbi ta l  sinus by  means  of a capi l la ry  p ipe t t e  was  al- 
lowed to  r emain  a t  room t e m p e r a t u r e  un t i l  c lo t t ing  began  
and  was t h e n  ref r igera ted  for 18-20 h. The  blood clot  was 
r emoved  and  the  p lasma  remain ing  was cen t r i fuged  at  

In vivo assay 

Test Description of Number Time after Bloodsugar 
injections of BUB injection, (average) 

animals rain mg% 

10 U insulin 2 0 125 
20 31 
40 20 
70 15 
110 moribund 

0.5 ml KL plasma 2 0 100 
20 125 
40 125 
70 125 
110 125 

0.5 ml plasma of KL 4 0 120 
mice injected with 25 40 
40 U insulin 2 h 50 dead 
previously 

0.5 ml KL plasma; 3 0 120 
challenge with 10 U 35 40 
insulin 5 rain 60 20 
later 90 dead 

0.5 ml KL plasma 3 0 100 
treated with 10 U 20 40 
insulin in vitro for 45 40 
10 rain 75 20 

115 dead 
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